Merkel cell carcinoma is the cutaneous counterpart of small cell carcinoma, and the most important differential diagnosis is cutaneous metastasis of small cell carcinoma of the lung. There have been a handful of studies reporting on the utility of a variety of immunohistochemical markers that distinguish between the two entities. Achaete-scute complex-like 1 (MASH1, ASCL1) is important in the development of the brain and the diffuse neuroendocrine system including pulmonary neuroendocrine cells. A recent study, using a cDNA array, identified Mash1 as one of the best classifier genes to differentiate pulmonary small cell carcinoma from Merkel cell carcinoma. We immunohistochemically applied this finding to the diagnostic setting. A total of 30 cases of Merkel cell carcinoma and 59 cases of small cell carcinoma of the lung were immunostained with anti-MASH1 and TTF-1 antibodies. Of 59 small cell carcinomas, 49 (83%) expressed MASH1 in nuclear staining whereas out of 59 small cell carcinomas, 43 (73%) expressed TTF-1 in nuclear staining. MASH1 was completely negative in all 30 Merkel cell carcinomas whereas TTF-1 expression was seen in 1 of the 30 Merkel cell carcinomas (3%). MASH1 is a useful adjunct marker for differentiating small cell carcinoma of the lung from Merkel cell carcinoma.
Merkel cell carcinoma is a rare aggressive neoplasm of the skin with a neuroendocrine phenotype, 1,2 and it is regarded as the cutaneous counterpart of small cell carcinoma. 2, 3 It is morphologically very similar to small cell carcinomas of the lung and other organs, 3 and its diagnosis requires confirmation by immunohistochemistry study, in conjunction with careful clinical and radiographic information, to rule out a metastatic small cell carcinoma, particularly from the lung. 4 Achaete-scute complex-like 1 (ASCL1), also called mammalian or human achaetescute complex homolog-1 (MASH1, HASH1), is a basic helix-loop-helix transcription factor crucial for neuroendocrine cell differentiation. MASH1 has been reported to be expressed in some neuroendocrine neoplasms, including small cell carcinoma of the lung. [5] [6] [7] A recent study using cDNA arrays on cell lines of small cell carcinoma of the lung and Merkel cell carcinoma demonstrated ASCL1 as one of five genes specific for small cell carcinoma of the lung as opposed to Merkel cell carcinoma. 8 In the current study, we applied this finding at the immunohistochemistry level to investigate the utility of an anti-MASH1 antibody in the diagnostic context.
Materials and methods
A total of 30 cases of Merkel cell carcinoma and 59 cases of pulmonary small cell carcinoma were studied. Hematoxylin and eosin-stained slides of all the cases were reviewed, and the histological diagnosis was based on recent classifications. 2, 9 Formalin-fixed, paraffin-embedded tissues of all the cases were used for tissue microarray construction. Tissue microarrays were assembled using a Manual Tissue Arrayer I (Beecher Instruments, Sun Prairie, WI, USA). A representative area of each case was identified on the conventional sections, and 1-3 cylinders per tissue were arrayed using a punch biopsy (needles with a diameter of 0.6 mm). Afterward 4 out of the 30 Merkel cell carcinomas and 5 out of 59 pulmonary small cell carcinomas, in addition to the tissue microarray sections, were selected and examined using conventional whole sections.
Immunohistochemistry was performed on formalin-fixed, paraffin-embedded tissues using mouse anti-TTF-1 (clone 8G7G3/1; Neomarkers Freemont, CA, USA) and mouse anti-MASH1 (clone 24B7.2D11; BD Pharmingen, San Diego, CA, USA). Sections were deparaffinized in xylene (three changes), rehydrated through graded alcohols (three changes 100% ethanol, three changes 95% ethanol) and rinsed in distilled water. Heat-induced epitope retrieval was performed in a 1200 W microwave oven at 90% power in 10 mM citrate buffer (pH 6.0). MASH1 was retrieved for 20 min and TTF-1 was retrieved for 15 min, respectively. Sections were allowed to cool for 30 min and then rinsed in distilled water. Antibody incubations and detection were carried out at 371C on a NEXes instrument (Ventana Medical Systems, Tucson, AZ, USA) using Ventana's reagent buffer and detection kits unless otherwise noted. Endogenous peroxidase activity was blocked with hydrogen peroxide. TTF-1 was diluted 1:50 and MASH1 was diluted 1:25, respectively. Antibodies were incubated overnight at room temperature. TTF-1 and MASH1 were detected with Ventana's biotinylated goat anti-mouse secondary. After secondary antibody application, streptavidinhorseradish-peroxidase conjugate was applied. The complex was visualized with 3,3 0 -diaminobenzidene and enhanced with copper sulfate. Slides were washed in distilled water, counterstained with hematoxylin, dehydrated and mounted with permanent media. Appropriate positive and negative controls were included with the study sections. The extent of nuclear staining was graded as follows: 1 þ , 1-25%; 2þ , 25-50%; 3 þ , 50-75%; 4 þ , Z75%.
Results
The results of the immunohistochemistry study are listed in Table 1 . Out of 59 small cell carcinomas, 49 (83%; Figure 1a ) expressed MASH1 in nuclear staining (Figure 1b) , with a diffuse reaction (3 þ and 4 þ ) being seen in 38 tumors (61%) whereas out of 59 small cell carcinomas 43 (73%) expressed TTF-1 in nuclear staining (Figure 1c) , with a diffuse reaction being found in 34 tumors (58%). The extent of MASH1 expression in small cell carcinomas was generally diffuse and similar to that of TTF-1 expression. Although many of the crushed cells of small cell carcinomas expressed TTF-1, they tended not to express MASH1. MASH1 was completely negative in all 30 Merkel cell carcinomas whereas TTF-1 expression was seen in 1 of the 30 Merkel cell carcinomas with 2 þ reaction (3%; Figure 1d -f). The latter case involved an 81-year-old man who presented with a 1.2 cm violaceous nodule on his left scalp, and the tumor was positive for cytokeratin (CK)20, chromogranin and synaptophysin, and negative for CK7. A thorough systemic examination failed to reveal any other tumorous lesions, thereby confirming its cutaneous origin. Overall, the sensitivity and specificity of MASH1 for distinguishing small cell carcinomas of the lung from Merkel cell carcinomas were 83 and 100%, and those of TTF-1 were 73 and 97%.
There was only one case of small cell carcinoma where MASH1 was negative and TTF-1 was positive with 2 þ reaction, whereas there were five small cell carcinomas where TTF-1 was completely negative and MASH1 was positive with 1 þ in one case, 3 þ in three cases, and 4 þ in one case.
Discussion
Merkel cell carcinoma, first described by Toker in 1972 as trabecular carcinoma of the skin, 10 is a rare primary neuroendocrine carcinoma of the skin with an aggressive biological behavior, and it has been believed to originate from or differentiate toward Merkel cells in the outer sheath of the hair follicles and in sweat ducts, 1,2,11 although rare cases arising in the lymph nodes, salivary gland and breast have been reported. [12] [13] [14] [15] The incidence of Merkel cell carcinoma has increased, presumably due to an increasing elderly population. 4 Merkel cell carcinoma typically presents as a solitary, red to purple, firm, raised, painless nodule on the skin, ranging in size from 2-3 mm to several centimeters. 1, 2, 4 It typically occurs in the sun-exposed areas of elderly patients, especially on the head and neck location, followed by the extremities.
1,2 Merkel cell carcinoma shares many clinical, histopathological and MASH1 as a useful marker J Ralston et al genetic features with small cell carcinomas of other organs, including those of the lung, 16 and in fact, it is regarded as the cutaneous counterpart of small cell carcinoma. 2, 3 It is currently recommended that patients be screened for small cell carcinoma of the lung to exclude the possibility of cutaneous metastasis of small cell carcinoma once a diagnosis of cutaneous Merkel cell carcinoma is made, illustrating the importance of determining reliable pathological markers to distinguish these lesions. 4 Small cell carcinomas in general are now believed to originate from totipotential stem cells that can differentiate into various cell types that are native to the tissues, eg, TTF-1-positive stem cell for pulmonary small cell carcinoma. 3 This hypothesis may explain occasional cases of small cell carcinoma with other components such as squamous cell carcinoma 17 and adenocarcinoma, 18 the findings described in a variety of organs including skin and lung. [17] [18] [19] [20] Cutaneous metastasis of visceral carcinomas is usually an expression of the disseminated disease. 21, 22 A skin metastasis, however, may be the presenting feature, and this phenomenon has been described most frequently in carcinomas of the lung, notably small cell carcinoma. 23, 24 The most common region of cutaneous metastasis of pulmonary small cell carcinoma is the skin of the trunk, followed by the skin of the head and neck, 23, 25 the latter being the most common site of Merkel cell carcinoma.
Subtle morphological differences between Merkel cell carcinoma and small cell carcinoma of the lung have been described. Merkel cell carcinoma typically contains uniform round nuclei whereas small cell carcinoma shows irregular nuclei and can have a spindle shape in approximately 40% of tumors. 18, 26, 27 Azzopardi phenomenon was first described in small cell carcinoma of the lung, and it is still a useful diagnostic finding. This phenomenon is rare in Merkel cell carcinoma. 28, 29 These general findings may not be applied in individual cases to determine the origin of the tumor due to overlapping features between the two entities. In fact, a subset of Merkel cell carcinoma can be indistinguishable from small cell carcinoma of the lung, and there have been a handful of immunohistochemistry studies to differentiate between the two. [30] [31] [32] [33] [34] [35] CK7/CK20 staining patterns can be useful in some cases, ie, 78% of Merkel cell carcinomas show a CK7(À)/CK20( þ ) pattern whereas 18-43% of small cell carcinomas of the lung show CK7( þ )/ CK20(À). 36, 37 A significant proportion of both entities, particularly small cell carcinoma of the lung, however, express neither CK7 nor CK20, ie, 57-82% of small cell carcinoma of the lung, and 12% of Merkel cell carcinoma, 36, 37 and exceptions can occur such as Merkel cell carcinomas that are CK7( þ )/ CK20(À) 31, 32 or CK7( þ )/CK20( þ ) 31 and such as small cell carcinomas of the lung that are CK7(À)/ CK20( þ ) or CK7( þ )/CK20( þ ). 33, 37, 38 TTF-1 is a sensitive and specific marker for small cell carcinoma of the lung, and it is expressed in approximately 80-90% of tumors. 7, [39] [40] [41] [42] [43] [44] [45] Currently a combination of CK20 and TTF-1 immunostains are used for the diagnosis of Merkel cell carcinoma. [33] [34] [35] There are a few studies reporting TTF-1 expression in extrapulmonary small cell carcinoma by using monoclonal antibody of clone 8G7G3/1, 34,46-49 but no case of TTF-1-positive Merkel cell carcinoma has been reported to our knowledge. [33] [34] [35] 38 One of our cases of Merkel cell carcinoma unequivocally expressed TTF-1. This case, along with other extrapulmonary small cell carcinomas reported in the literature, illustrates that TTF-1 can be aberrantly expressed by small cell carcinomas of a variety of locations for yet an unknown reason.
TTF-1 is one of the most useful immunohistochemistry markers in diagnostic pathology, and it is a crucial transcription factor for the development of the lung and thyroid gland. In the lung, Ttf1 (Nkx2.1) regulates branching morphogenesis of the airways as well as terminal differentiation toward type II pneumocytes and Clara cells and their expression of surfactant proteins. 50 TTF-1 is expressed in a great proportion of adenocarcinomas of the lung, 51 most of which are believed to arise from the distal airways, and almost always negative in squamous carcinoma of the bronchus. It is a general observation that in adenocarcinoma of the lung, TTF-1 expression roughly correlates with the degree of differentiation of the tumor, ie, the better differentiated the tumor is, the greater TTF-1 expression. 45 The fact that TTF-1 is expressed in small cell carcinoma more frequently than adenocarcinoma supports the notion that small cell carcinoma is a tumor of totipotential stem cells that are programmed to differentiate toward the lung phenotype, and in this sense, small cell carcinoma is an underdifferentiated carcinoma rather than an undifferentiated carcinoma, the latter often being used to refer to this entity.
52
Mash1 is important in the development of the brain and the diffuse neuroendocrine system including adrenal medullary chromaffin cells, ganglion cells, thyroid parafollicular C cells and pulmonary neuroendocrine cells. 53 During neurogenesis MASH1 expression is confined to mitotically active precursors where it is involved in the early stages of lineage commitment, and in more mature neurons the expression is extinguished.
53
Mash1 and mammalian atonal homolog-1 (Math1) upregulate NeuroD in neural precursor cells to direct terminal differentiation whereas Hes1, one of the hairy and Enhancer of split homologs, represses neuronal differentiation by suppression of proneural factors such as Mash1.
5 This developmental process also appears to take place in pulmonary carcinomas where small cell carcinomas express Mash1 but not Hes1 whereas adenocarcinoma and squamous cell carcinoma express Hes1. 5 Previous studies reported that MASH1 was immunohistochemically expressed in 71.8 6 54 A recent study, using a cDNA array on cell lines of Merkel cell carcinoma and pulmonary small cell carcinoma, identified 17 classifier genes capable of discriminating between the two entities. 8 Among the 17 genes, 12 genes were Merkel cell carcinoma specific, and 5 genes were pulmonary small cell carcinoma specific, the latter including Mash1 (ASCL1). MASH1 was not expressed in any of 30 Merkel cell carcinomas in the current study, but was more frequently expressed in small cell carcinoma of the lung than TTF-1. Our results support the findings of the previous molecular studies at the immunohistochemical level.
In summary, MASH1 is a useful adjunct marker for the diagnosis of small cell carcinoma of the lung, particularly when the differential diagnosis includes Merkel cell carcinoma. Given the variable CK7/CK20 pattern reported in some Merkel cell carcinomas and small cell carcinomas of the lung, and potential TTF-1 expression in nonpulmonary neuroendocrine carcinomas including Merkel cell carcinoma, MASH1 is a useful marker, with slightly higher sensitivity than TTF-1, and can be used in a panel of immunostains in conjunction with TTF-1, CK7 and CK20.
